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2. Objective

To make novel photorefractive polymer fiber devices using new materials and novel phenomena.

3. Status

The Nonlinear Optics Laboratory at Washington State University has applied its expertise in polymer
processing to making photorefractive fibers that eventually can be bundled to make an optical limiter.
In addition to working with other labs to incorporate newly-synthesized materials, we have discovered
that photo-isomerization in the simple DR1 molecule can be used for limiting in regions where the
material is transparent. We have used this effect for various demonstrations of light control and beam
shaping — prerequisites for making optical limiters. We have also developed a theory of what makes
the maximum nonlinear response and have applied it to two photon absorption to determine the
maximum possible response.

4. Accomplishments

The accomplishments of our research went well beyond the original scope of the project. In addition
to our work in optical limiting fibers, spillover results included making fiber-based light-sources,
writing holograms in fibers, and developing the theory of the limits of the nonlinear-optical response,
which has direct impact on understanding structure-property relationships in the development of new
molecules. Highlights of the work are presented below. More details can be found in our published

papers.

Our first discovery was that the photo-isomerization process in DR1 can be used for optical limiting in
the red. In particular, we showed that gratings formed with two-beam coupling have an 85%
diffraction efficiency. This observation has led us to new studies of the cis-trans photo-isomerization
process at 632nm to understand the dynamics of
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The inset in the figure to the left shows a waveguiding experiment in a polymer optical multimode
fiber. The guiding condition in the fiber is analogous to the aperture in the planar experiment. As the
light input is ramped up in steps, the output intensity is clearly limited. There is also evidence of
interesting new physics in the time profile of the response. When the input intensity is constant
immediately after a step, the output intensity dips before reaching the final equilibrium value. These
fast dips may be significant in protecting against more intense short pulses. By making fibers with
three different chromophores, it may be possible to make arrays of RGB fibers so that full color
perception is possible.

We have been using the photoisomerization mechanisms in azo-dyes to perform a series of optical
limiting experiments which includes nonlinear refraction in bulk materials; two-beam coupling and
four-wave mixing; and mode cut optical limiting in polymer optical fibers. The photograph below
shows the beam profile of transmitted light as a function of time through an azo-dye-doped polymer.
The resulting decrease in the refractive index yields beam spreading.
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The light leaving the fiber shows the characteristic limiting effect as shown in the right part of the
figure. This limiting process is being studied in detail experimentally and models are being developed
and tested. These will serve to guide in the design of fiber-bundle-type arrays that will be used for
optical limiting of an image.

The figure below shown an experiment (left) to write holograms in a polymer optical fiber. Figure (a)
shows the object, which is made of a photo-mask, and the recorded image in the fiber as it is read out
with the reading beam. The fidelity of the image is very good. In addition to these studies, we have
done degenerate four-wave mixing and observed phase conjugation — which can be used to compensate
for beam aberration.

Object L1 Fiber

-
PO G - -
R M Camera

L2 (a) (b)

Our most recent work has focused on understanding what make the maximum possible nonlinear
optical response; and, we have applied this theory to the two-photon absorption cross-section. The
results are shown below, where the measured value of the two-photon absorption cross-section is
normalized to the maximum possible value. Note that all the measured values fall well below this
level. In fact, most measurements are a factor of 10> below this value — meaning that there is still
room for improving on existing molecules. The method for improvement, however, is not what is
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to the 1-electron molecule, we hit the
limit. While it is not possible to make a
one-m-electron system, this exercise
clearly show that the complications
associated with having many electrons
leads to a smaller two-photon absorption
cross-section than is possible for that
size molecule.

These results of this work were reviewed in a feature article in the September 2003 issue of IEEE
Circuits and Devices Magazine and appeared as the cover art. Also, this work will be reviewed in the
December 2003 issue of Optics and Photonic News as one of the most significant pieces of work in
nonlinear optics.

Mark G. Kuzyk

10/16/03




Photorefractive Fibers
Mark G. Kuzyk

Please see our list of publications for a more in-depth treatment of our work.
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7. Transitions

As aresult of this grant, we have started collaborations with several researchers at Wright Patterson
Air Force Base. In particular, I gave a talk at WPAFB on the theory of fundamental limits, which was
of interest to the Quantum Chemists and the Physicists. Note that some of this theoretical work has
spilled over to the Army research office since my talk was attended by a guest from that lab.

We are also now making samples with WPAFB materials and doing characterization studies. Our
polymer processing technology has been found to be useful for making sample disks with large TPA.

We are starting collaborations with Paul Fleitz at WPAFB to make optical limiting fibers from their
materials. '

Note that my group and I have attended several Air Force reviews and conferences many new
interactions and conference papers have resulted. Conference papers include:
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8. Discoveries

Showed in a rigorous quantum calculation that there exists a well-defined upper limit to
nonlinear susceptibilities.

Demonstrated that photoisomerization can be used for optical limiting
Demonstrated limiting in a POF
Demonstrated holography and phase conjugation in fibers

Demonstrated blue light sources in fibers

9. Awards and Honors

Fellow of the Optical Society of America, elected in 1999.
Executive Committee, American Society for Engineering Education, appointed in 1999.
Distinguished Member of National Society of Collegiate Scholars, elected in 2000.

Mark G. Kuzyk 10/16/03




